Objectives-Raised concentrations of antimony have been found in infants dying of sudden infant death syndrome (SIDS). The presumed source of this antimony is toxic gases generated from fire retardants that are present in cot mattresses. The aim of this study was to determine the role of antimony in SIDS. Design-Samples of liver, brain, serum, and urine were collected from all patients dying from SIDS and a group of aged matched control infants who had died of other causes. Setting-Nationwide study in Ireland. Subjects-52 infants dying from SIDS and 19 control infants aged > 7 days and < 1 year. Results-The median concentration of antimony in the liver and brain of infants dying of SIDS was < 1 ng/g, with no diVerence detected between the infants dying from SIDS and the control infants. The range of antimony in the serum of infants dying of SIDS was 0.09-0.71 µg/ litre (median, 0.26). Although no diVerence was found between infants dying from SIDS and control infants, SIDS infants were found to have higher concentrations when compared with healthy infants in the 1st year of life, probably as a result of release of antimony into serum after death. Urine antimony concentrations in infants dying from SIDS were < 3.91 ng/mg (corrected for creatinine) and similar to values found both in control infants and healthy infants. Conclusion-There is no evidence to support a causal role for antimony in SIDS.
The sudden infant death syndrome (SIDS) is defined as any death occurring in an infant or young child that is unexpected by history and in which a thorough postmortem examination fails to demonstrate an adequate cause of death. 1 It was proposed recently that microbial generation of toxic gases from antimony, arsenic, and phosphorus based additives, which were used as fire retardants in cot mattresses, could cause SIDS. 2 3 Further evidence for this theory was cited when investigators for the Cook Report (Central Television Programme 1994) confirmed detectable amounts of antimony in liver samples of 22 of 41 infants dying from SIDS but only one of 15 control infants. 4 In addition, serum samples from 19 of 39 infants dying from SIDS but only two of 13 control infants had detectable amounts of antimony. 4 Although subsequent studies have been unable to confirm the evolution of toxic gases from cot mattresses, [5] [6] [7] [8] there has been conflicting information in the literature regarding the concentrations of antimony in liver samples of infants dying from SIDS. 9 10 The purpose of our study was to clarify the role, if any, of antimony in SIDS.
Methods
All sudden unexpected deaths in infants and young children occurring in Ireland are reported to the Irish Sudden Infant Death Association's national sudden infant death register within 48 hours of the time of death. Death certificates, issued by the coroner, are subsequently forwarded to the register, ensuring complete ascertainment of all cases. For our study, control infants were also enrolled. A control infant was defined as any infant dying from any cause other than SIDS (as determined by postmortem examination and death certification) in the 1st year of life. Enrollment began on 1 January 1995 and ended on 31 January 1997. Infants less than 7 days or over 1 year of age were excluded.
For each case and control, postmortem samples of liver, brain, serum, and urine were obtained. To avoid the possibility of contamination and to ensure that results from diVerent institutions were uniformly comparable, special kits were provided that included containers that had been tested and found to be antimony free. Samples of fresh liver and brain, approximately 1 cm 3 , were collected and placed into 30 ml screw capped polystyrene containers (LIP, Shipley, West Yorkshire, UK). All available urine was collected and placed into similar containers. Blood was collected either peripherally or centrally and placed into 10 ml preservative free, polypropylene tubes (Sarstedt, Nürnbrecht, Germany), which had been washed with 10% hydrochloric acid before use. Samples were spun immediately and the serum transferred into similarly prepared 3.5 ml tubes. Samples were kept frozen at −20°C until transported on dry ice to the SIDS tissue bank within 48 hours of the postmortem examination. The samples were stored at −70°C until analysed.
All samples were analysed by inductively coupled plasma mass spectrometry (ICP-MS), a method that has been shown to be of suYcient sensitivity to measure physiological concentrations of antimony (HT Delves, Clinical Biochemistry, University of Southampton; TBD Lyon and GS Fell, Clinical Biochemistry, Royal Infirmary, Glasgow). 11 The limit of detection of the method was 1 ng/g wet tissue weight for liver and brain and 0.01 µg/ litre for serum and urine. All specimens were numerically coded, ensuring that the laboratory performing the analysis was unaware of whether the specimen was from an infant dying from SIDS or a control infant.
Because the original Cook Report had analysed serum, it was decided also to measure antimony concentrations in serum so that results could be compared. However, antimony is known to associate preferentially with red blood cells. 12 13 Therefore, it was possible that a delay in the collection of blood or in the separation of red blood cells from the serum at the time of the postmortem examination could result in a falsely raised serum antimony concentration. Because this could complicate the interpretation of antimony concentrations in SIDS, an assessment of the magnitude of such an eVect was undertaken. Blood was collected from six adults and divided into seven aliquots of 5 ml each. Five samples were left unseparated at room temperature for 0, 2, 4, 8, and 24 hours, respectively, before being spun and separated into serum and red blood cell components. The final two samples were spun and separated soon after collection. The red blood cell casts obtained from these latter two samples were frozen for 30 minutes and rapidly thawed to ensure complete haemolysis of the red cells present. By adding 5 µl of the resultant solution to one sample and 25 µl of the solution to the other sample, it was possible to produce two samples, one of which appeared to be barely haemolysed to the naked eye and the other that appeared to be grossly haemolysed. All samples were then analysed for antimony and the results are outlined in fig 1. It was shown that the antimony concentration in the serum gradually rose over a period of 24 hours. Haemolysis also caused a rise in the serum concentration, although it was not possible to quantify its contribution other than to say that it was associated.
Results
During the study period, there were 90 cases of sudden unexpected deaths reported to the register. Of these, 82 were classified as SIDS after the postmortem examination. Excluding infants less than 7 days and over 1 year, 75 infants were eligible for the study and samples were obtained from 52 (69%) of them. In addition, samples were obtained from 19 control infants. Table 1 outlines the cause of death of the 19 infants. The mean age of death for the infants dying from SIDS was 15 weeks (SD, 10; range, 2-41) and for the control infants it was 17 weeks (SD, 14; range, 1-46).
ANTIMONY IN LIVER
Liver samples were obtained from 51 of the 52 infants dying from SIDS and 19 controls. Results were available from all SIDS samples but only 18 of the control samples because one of the latter samples was destroyed during the digestion process. A total of 36 (72%) of the 51 infants dying from SIDS and 12 (66%) of the 18 control infants had antimony concentrations in their livers below the detection limit of the method (< 1 ng/g wet tissue weight). For the purpose of calculations, these were assigned a value equivalent to the detection limit of the method (0.99 ng/g). This would, if anything, overestimate the amount of antimony in the specimen, but was felt to be more appropriate when issues of safety were being questioned. One infant dying from SIDS had an antimony concentration of 51 ng/g, which was confirmed on retesting the same sample. Table 2 outlines the concentrations of antimony in the liver of infants at postmortem examination. The median concentration of antimony in liver was < 1 ng/g both for infants dying from SIDS and for control infants. There was no diVerence in antimony concentrations between the two groups (Mann Whitney U test, p = 0.8), irrespective of the inclusion of the outlier value.
ANTIMONY IN BRAIN
Brain samples were obtained from 42 infants dying from SIDS and 11 control infants (table  3) . In all, 36 (86%) of the 42 infants dying from SIDS and 10 (91%) of the 11 control infants had antimony concentrations that were below the detection limit of the method and, for the purpose of analysis, these samples were also assigned the value of 0.99 ng/g. The median concentration of antimony in brain was < 1 ng/ g both for infants dying from SIDS and for The reference range for antimony in the serum of infants in the 1st year of life has been previously established as 0.09-0.25 µg/litre, confirming the presence of negligible amounts of this metal in the serum of healthy infants.
14 Serum samples from 30 infants dying from SIDS and seven control infants were analysed. None of the samples was noted to be haemolysed. The range of antimony in the serum of infants dying from SIDS was 0.09-0.71 µg/litre, with a median of 0.26 µg/ litre. The range for the control cases was 0.08-0.3 µg/litre, with a median of 0.17 µg/litre after excluding one sample with a concentration of 7.2 µg/litre, which was confirmed on retesting the sample (including this outlier, the median was 0.19 µg/litre). There was no significant difference between the median values of the cases and the controls (Mann Whitney U test, p = 0.49), even with the inclusion of the outlier. Figure 2 compares the serum values of the cases and the controls (excluding the one outlier) with the serum values obtained from 187 randomly selected infants in the 1st year of life (aged 28 weeks; SD, 16; range, 2-52). These infants formed part of a study, the details of which have been outlined in an earlier report. 14 It was noted that five (17%) of the 30 SIDS values were higher than the upper limit of the control values (0.3 µg/litre after excluding the outlier result) and that 15 (50%) of the SIDS values and one (17%) of the six control values were above the upper limit of the previously established reference range for this random population (0.25 µg/litre). The three groups were compared using an ANOVA test (analysis of variance). Overall there was a diVerence between the three groups (f = 15.76; degrees of freedom (df) = 2, 220; p < 0.001). Although the control group did not diVer from the random population (p = 0.71), the SIDS group diVered both from the control group (p < 0.01) and from the random population (p < 0.001). Inclusion of the outlier in the control group did not aVect these results.
There was no correlation between the concentrations of antimony in the serum of infants dying from SIDS and the amounts detected in liver and brain. Of the 15 infants dying from SIDS in whom serum antimony concentrations exceeded the expected range for infants in the 1st year of life, 14 had undetectable antimony in the liver and 14 had concentrations of less than 2 ng/g in the brain.
ANTIMONY IN URINE
Infants in the 1st year of life were found to have a urinary antimony concentration corrected for creatinine (Cr) of less than 2.6 ng/mg Cr.
14 In our study, urine samples were available from only eight infants dying from SIDS and four control infants. In one of the infants dying from SIDS, antimony was not detected in the urine and the range for the remaining seven specimens was from 0.02-3.91 ng/mg Cr (median, 0.56). The range for the four control cases was 0.24-1.21 ng/mg Cr (median, 0.67). Figure 3 compares the log antimony concentrations in the urine between the three populations (infants dying from SIDS, control infants, and population of infants in the 1st year of life). Although two (25%) of the eight SIDS specimens and none of the control specimens exceeded the upper 97.5th centile for urinary antimony in the normal population, comparison of the three groups using an ANOVA test revealed no significant diVerence between the groups (f = 0.55; df = 2, 188; p = 0.58). The two infants dying from SIDS with raised concentrations of antimony in the urine had undetectable amounts in the liver and brain.
Discussion
Our study confirms the presence of negligible amounts of antimony in the liver and brain of infants dying from SIDS and infants dying from other causes. We found concentrations in the liver to be even lower (although of the same magnitude) than the values found in previous studies by Taylor et al (infants dying from SIDS, 7.11 ng/g; controls, 0.5), 9 Howatson et al (infants dying from SIDS, 6 ng/g; controls, Figure 2 Comparison of the antimony concentration in serum between the three populations. 7), 10 and Delves et al (controls, 2 ng/g; range, 0.7-37). 11 Concentrations in the liver were also considerably lower than those reported for adults. [15] [16] [17] [18] [19] Although there is no published information on antimony concentrations in paediatric brain tissue for comparison, one study in adults estimated it to be in the region of 10 ng/g wet weight and to be of the same order of magnitude as concentrations found in the liver and kidney. 19 Our study would suggest that the concentrations in infants are even lower.
Although 17% of the infants dying from SIDS had serum antimony concentrations greater than the upper limit of the control infants, the small sample size of the control group made it diYcult to determine whether a diVerence truly did exist. However, when compared with a group of randomly selected infants in the 1st year of life, 50% of the infants dying from SIDS were found to have serum antimony concentrations that exceeded the upper limit of normal for these infants. Work carried out to assess the eVect of delayed separation of red blood cells and haemolysis of red blood cells on the serum antimony concentration in adults suggests that the diVerence in SIDS postmortem results might be the result of the release of antimony from red blood cells into the serum after death. The fact that only one of the six control specimens, as opposed to 15 of the SIDS specimens, was above the expected range might be a reflection of the small numbers sampled, but could also be related to the timing of the postmortem examination. Critically ill infants frequently die in hospitals or tertiary referral centres, where postmortem examinations may happen more expediently, or where blood is drawn from the infant immediately after death. Infants dying from SIDS may be dead for a number of hours before discovery and may not undergo a postmortem examination until the next day. It is conceivable that these diVerences in sample collection could account for the higher amounts of antimony in the serum of infants dying from SIDS as opposed to control infants. Unfortunately, accurate information regarding the timing of death and the timing of blood drawing and subsequent separation of red blood cells was not available and so no definitive conclusion can be drawn.
None of the infants dying from SIDS with serum antimony concentrations that exceeded the range for infants in the 1st year of life were found to have raised concentrations of antimony in liver or brain. From our knowledge of the metabolism of antimony in the human body, it has been shown that repeated doses of antimony result in the accumulation in the liver, independent of the concentration in red blood cells. 13 20 Therefore, it is unlikely that concentrations in serum would be raised independently of the liver. A possible exception to this would be in the situation of acute poisoning, although it would be hard to imagine that serum concentrations of < 1 µg/litre could result in infant deaths when values of 8-10 mg/ litre have been reported in adults taking antimonial drugs without any clinical eVect. 21 22 In conclusion, this study does not support the suggestion that antimony plays a causal role in death from SIDS. The importance of accurate methodologies, stringent collection protocols, and an appreciation of diVerences in sample handling cannot be over emphasised if one is to avoid erroneous results.
